We investigated the taste synergy between L-theanine and the flavour enhancer, inosine 5 0 -monophosphate (IMP), by using a human sensory evaluation. When L-theanine was added to IMP, only the umami taste was enhanced. We then investigated this synergistic effect of L-theanine in mice by gustatory nerve recording. We confirmed the synergism between L-theanine and IMP for the umami taste.
L-Theanine, 5-N-methylglutamine, is a unique amino acid present in green tea. It is responsible for part of the taste of green tea. 1) Interest has recently been emerging in the psychological effects of L-theanine. However, little is known about the sensory characteristics of this amino acid. In order to optimally use L-theanine as a food ingredient, we need to characterize its taste. In this study, we first investigated whether or not L-theanine has an umami taste by using a human sensory evaluation, since umami substances generally show some sensory synergy with such nucleotides as inosine 5 0 -monophosphate (IMP). 2) We also performed an electrophysiological experiment with mice to confirm the synergy.
For the sensory evaluation, 14 male and female subjects, aged 21-50 years (mean, 27:8 AE 7:4 years), were recruited at Kyoto University through advertising. The weight of each subject was within the normal range. All subjects were non-smokers in good physical health and were sensitive to phenylthiocarbamide. A psychophysical status examination and sensory evaluation were conducted at Kyoto University; no abnormality was detected on the general labeled magnitude scale (LMS).
3) We prepared L-theanine solutions of three different concentrations, 2.5, 25, and 250 mM. A solution containing 25 mM L-theanine and 0.5 mM. IMP was also prepared. These solutions were kept at room temperature and presented to the 14 trained subjects in a random order. The subjects were asked to taste and then spit out each solution. The subjects then rated the intensity of the total taste quality of each solution by marking the appropriate position on a 100-mm LMS scale. We used the geometric mean distance between a mark and the lower end of the LMS as the mean rating. The 14 subjects described the taste qualities in terms of no taste, bitterness, sourness, saltiness, sweetness, umami, and other tastes. Next, the subjects chose two taste qualities. After the percentage of the taste quality had been calculated, 1 point was assigned to the strongest taste and 0.5 points to the second strongest taste. L-theanine was provided by Taiyo Kagaku Co., Ltd. (Mie, Japan). IMP was purchased from Sigma (St. Louis, MO, USA). Distilled water purified by using the Elix water purification system (Millipore, Bedford, MA, USA) was provided for rinsing the mouth.
The reactions of the chorda tympani (CT) nerve to 0.3-300 mM L-theanine solutions containing 0.5 mM IMP were recorded. Female C57BL/6J JMS SLC mice (weight, 20-25 g; age, 7-10 weeks) were obtained from Japan SLC, Inc. (Hamamatsu, Japan). All experiments were performed according to the protocol approved by the Kyoto University Animal Care Committee. The mice were anaesthetized with an intraperitoneal injection of sodium pentobarbital. A tracheal cannula was implanted, and each animal was secured with a headholder. The CT nerve was exposed at its exit from the lingual nerve by removing the internal pterygoid muscle. The entire nerve was placed on a platinum wire electrode. The whole-nerve response was amplified, displayed on an oscilloscope, and monitored with an amplifier. The resulting signal was passed through an integrator with a time constant of approximately 1.0 s. The magnitude of the whole-nerve response was measured as the height of the integrated response from the baseline approximately 10 s after the onset of the stimulation to avoid the tactile effect of the stimuli. The magnitude of the relative response to each stimulus was calculated by considering the response magnitude to 0.1 M NH 4 Cl as unity.
The relationship between the L-theanine concentration and taste intensity and quality is shown in Fig. 1 . The taste intensity increased with increasing L-theanine concentration (Fig. 1A ). L-theanine had a complex taste mainly comprising umami, sweet, and bitter (Fig. 1B) . When 0.5 mM IMP was added to the 25 mM L-theanine solution, enhancement of the taste intensity was reported by 10 of the 14 subjects (71%). The intensity of the umami taste increased by 57% when a mixture of 25 mM L-theanine and 0.5 mM IMP was tasted (Fig. 1B) (p < 0:001, chi-square test). Since 25 mM L-theanine and 0.5 mM IMP were nearly at the detection threshold, most of the subjects failed to detect the exact taste (Fig. 1B) . The addition of IMP to L-theanine thus led to the synergy of umami. It is suggested that L-theanine exhibited a synergy similar to other umami substances such as glutamate.
To objectively evaluate the synergy of L-theanine, we recorded the mouse gustatory nerve response to an L-theanine stimulus. The CT response to L-theanine increased in a concentration-dependent manner (Fig. 2) . The responses to the mixture solutions containing L-theanine and 0.5 mM IMP were significantly greater than those in responses to the solutions containing only L-theanine (Fig. 2) . There was little response to 0.5 mM IMP (0:01 AE 0:01). The synergy of L-theanine was thus apparent in mice.
L-Theanine is an amino acid found almost exclusively in green tea. It amounts to 1-2% (dry weight) of green tea which is equivalent to 25-60 mg per 200-ml serving of liquid tea. 4, 5) Green tea is therefore the major source of L-theanine in the diet. According to recent studies, L-theanine has an impact on brain activity, 6, 7) with positive effects on such psychological outcomes as enhanced cognitive performance 8, 9) and psychological well-being. 10, 11) Our results confirmed the taste synergy between L-theanine and nucleotides.
To objectively evaluate this synergy, we also recorded the mouse gustatory nerve response. This nerve response directly reflects the taste information from the oral cavity. Two nerves, CT and glossopharyngeal (GL), innervate the tongue. An electro-physiological analysis has shown that umami synergy occurred more prominently in the CT nerve than in the GL nerve. 12) In our physiological experiment with a mixture of L-theanine and IMP, we found that the responses to the mixture were significantly stronger than those to L-theanine alone, demonstrating that L-theanine is a useful umami substance.
In comparison with 25 mM L-theanine, many subjects felt strong bitterness and sweetness to 250 mM Ltheanine. Although such artificial sweeteners as sodium saccharin present sweetness at a low concentration, they present bitterness at a high concentration. 13) Although compounds whose taste quality is changed by concentration are known, the precise mechanism for this is not understood. Since L-theanine is an ethylamide derivative of glutamic acid that is a representative umami substance, L-theanine has a similar structure to that of glutamic acid. The detection threshold to monosodium glutamate (MSG) has been reported to be 0.87 mM. 14) However, 40% of the subjects did not perceive a taste with 25 mM L-theanine in this study. We recorded the CT nerve responses to MSG and to a mixture of MSG + IMP. The relative responses to 30 mM MSG and a mixture of 30 mM MSG and 0.5 mM IMP were 0:55 AE 0:13 and 1:17 AE 0:13, respectively. Although the structures of both substances resemble each other, the taste intensity and synergy of L-theanine would be weak in comparison with MSG.
